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15 Clmms

’ f1;

_'i"his invention "rclatcs' to. 'electron discharge'
devices and more particularly to cathode ray de-
vices especially suitable for usc in multiplex tclc-

phone systems.

In one type of. multlplcx system an clectrcn.

(CL. 250—-164) I -

2

"m the Vcltages apphcd to thc dcﬂcctmg elec-_'__"

- trodes.

In accordance mth ancthcr feature of thls‘ .

- mventmn the target or pulse forming electrode -.

bcam is rotated to trace a closed path over a
target- or pulse forming electrode and is acted
upon by signals from a plurality of signal chan-

nels, each signal being effective to deflect the
‘beam at an angle to'the trace at a point or time

10

interval in the rotational cycle corresponding to .

the respective signal channel.
- the intervals corresponding to the respective

channels, the beam is: deflected in accordance

with the signal amplitude at the respective chan-

nel and what may be termed pulse position mod-
ulationtis realized. .In eifect, the signals at the

several channels are commutated at high fre-
quency, and the output of the device comprises

a multiplicity of pulses. each pulse having & posi-
fion in time relative to the rotational cycle of the
beam dependent upon the amplitude cf the input

signal pulse resulting thcrcm S
It is eminently desirable, from the stcndpcmt
of accurate modulation and. hence; faithful reso-

lution of input.signals into cutput pulses,  that:

Thus, at each of

15

ccmp_ris_es a disc or plate having thereon fine lines, -

~one for each input channel, extending at an angle .
to the direction of dcﬂcctmn of the beam in re-
spone to input signals, the lines having a coeffi- -

cient of secondary emission different from the .

remainder of the target or pulse forming elec~ .

trcdc |

In accordance Wlth still ancthcr feature of this
invention, the several deflection units for dis- .
placing the beam in accordance with input 31gnal

pulses are fabricated in a unitary assembly com-~ =

prising a central electrode and a plurality of. .

- deflector plates, one for each signal channel, dis-

20

posed around the permhery of the central elcc-—
trode to define deflection gaps thercmth The
scvcral plates are mounted from a common sup- -
port member for example of insulating material,

| attached to the central electrode.

25

In accordance with still another featurc cf thlS;j-
invention, the support member is attached to the -
central electrode by metallic strips each of which: .

~extends between two adjacent deflector plates and.

- the path followed by the beam due to the forces

resulting in its rotation, and, consequently, the-
normal trace:of the beam over the pulse forming
electrode, be of constant preassigned configura-~

tion.  Additionally, it is also particularly asdvan-

30

tageous, especially when the commutating fre-

quency -is very high, that the cutput pulses bc of

short length or duration. .

-One object of this invention is: tc mamtam the
retational beam path, and hence the trace of the
beam upon. the pulse fcrmmg or target electrode,

in the absence of input signal pulses, accur atcly |

fixed and of prescribed configuration.
Ancthcr object of this invention is o fa,czlltate

the attainment. 'of: very short cutput palses 111 a .

device of the character dcscrlbcd

A further object of this 1nver1tmn is to mmphfy- |

the construction of cathcdc ray devices. particu-

larly smt_able fcr use m multlplex tclcphcnc. ._

| ystcms

In accordancc Wlth one: fccture cf this mven- |
tion, in a cathode ray device having a deflection
systern. for rotating the beam, an auxiliary. de-

ﬂcctwn control is provided for holding the bcam

to a. pa,th of preassigned. ccnﬁguratmn in rcspcns==_ |
to rota,i,icn by the system despite variations in.
thc ‘deflecting forces due to the system, such as,

f cr examplc varlatlcns 1esu1t1ng from. chang €s

35

has opposite faces of insulating material and con--
tacted by the plates. The strips perform the dual .
functions of spacing adjacent deflector plates and--
electrostatically shleldmg adj acent gaps from one_._-;
another. | |
The invention and. the abcvc-nctcd a.nd cther,-b
features thereof will be understood more clearly .-
and. fully from the follcwmg detailed description .
with rcferencc to the accompanying dmwmg, in-

which:

‘Fig. 1 is a side elevational view mainly in sec- -
tion of an electron discharge device illustrative .

 of one embodiment of this invention;

40

45

Fig. 2 is a plan view of the unitary assembly,:
mcludmg the plurality of deﬂectcr plates and the-_.-;
shield-spacers; :

Hig, 3 is g fragmcnta.ry pa,rtly cXplcdcd per-,-;_.- -
spcctwc view of the assembly shown in Fig. 2; -

Fig. 4 is a detail sectional view taken along.._,_
plane -4 of I'ig. 2; - j
Fig. b is a face View cf the tarﬂ'ct or pulsc.---i

: fcrmmg electrcdc

Fig. 6 is-a clrcult diagram 111ustrat1ng one. way

' ;m whlch the d_lscha,rge device shcwn in Flg 1.

~ may be operated, and

F1g 7 is a fragmcntary c1rcu1t dlagram illus-."g'

trating: ancthcr way-in which the device may be-

b5

operated.’ | :
- Rcfcrrmg rmw tc the drawmg, thc_ clectrcn,.}
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3

discharge device illustrated in Fig. 1 comprises
an evacuated, vitreous enclosing vessel 10 having
a neck portion fi at one end and a stem portion
12 at the other end. Mounted within the neck
portion [{ is an electron gun, which may be of
known construction, for projecting a highly con-
centrated electron beam axially of the vessel 10.
The gun comprises g cathode 13, the surface (4
of which is coated with electron emissive mate-
rial, a heater element 15 for the cathode, a cen-
trally apertured control electrode 16, and cen-
trally apertured focussing and accelerating an-
odes 1T and 18 aligned axially with the control
electrode 15 and cathode 3. 'Two pairs of de-
flector plates 19 and 20 in space quadrature are
mounted in front of the electron gun. Electrical
connection to the deflector plates and to the elec-
trodes of the electron gun may be established
by way of leading-in conductors extending there-
from to terminals upon a base, not shown, aflixed
to the neck portion 1.

A rigid metallic post or rod 21 is sealed to and
supported by a tubulature 22 extending from the
stem portion 12 and has threaded thereto &
stepped metallic post or support 23. Mounted
in coaxial relation by the support or post 23 are

b

10

15

20

25

o, beam guide electrode 24, a deflector piate as-
sembly 25 and a target or pulse forming elec-

trode 26, each of which is held between insulat-

ing collars 21, 28 and 29, respectively. The col-
lars are clamped against shoulders upon the sup-
port 23 by nuts 30, 31 and 32, respectively,
thireaded upon the post or support 23.

A cylindrical collector electrode 33, coaxial
with the post or support 23 is supported oppo-
site the target 26 by one or more leading-in con-
ductors 34 sealed in the side wall of the vessel 10.

‘The deflector plate assembly 2% comprises a
central, circular, metallic disc or plate 3% co-
axially surrounded by an annular insulating sup-
port 36. The plate 35 and support 36 are pro-
‘vided with opposed, radially extending slots in
which metallic strips or shields 3T are tightly
fitted, each of the sfrips having a longitudinal
slot 38 therein into which the support 3§ fits.
As illustrated in Figs. 3 and 4, the major portion
of opposite faces of each of the strips 31 is coated

with insulating material 39, for example alumi-

num oxide. Reinforcing rings 40 and &1 are
provided at the periphery of the support 36.
A plurality of deflector plates 42 are disposed

about the periphery of the plate or disc 35 and

equally spaced therefrom to form therewith-a
plurality of substantially identical, arcuate de-
flection gaps. Each plate 42 is held securely to

the support 26 by an indented metalic tab 43

extending through an aperture 44 in the support
and welded to the associated plate 42. As shown
clearly in Figs. 1 and 4, the juxtaposed faces of
the deflector plates 42 and disc 35 are frusto-
conical so that the gaps therebetween conform
to the beam path thereat.
42 is provided with an individual leading-in con-
ductor 45 sealed in the side wall of the vessel 10.
A leading-in conductor 46 for the disc or plate
35 is sealed in the stem 12 and passes through

an insulating eyelet 47 in the target or pulse_

forming electrode 26.
‘The beam guide electrode 24, in the form illus-
 trated, is a circular or substantially circular disc,

Each deflector plate -

30

30

i

39

o(}

55

60

65

70
which may be of a material, such as carbonized -

nickel, having a secondary-electron emissive co-

efficient less than unity or of & ‘material having |
This disc is

such coefficient greater than unity. T
of such diameter or transverse dimensions that

{6

4

its periphery is substantially coincident with the
beam path as the beam is rotated to pass through
the deflection gaps between the plate 39 and the
individual deflector plates 42. Electrical con-
nection to the beam guide electrode 24 may be
established by way of a leading-in conductor 48
sealed in the stem {2 and extending through in-
sulating eyelets 49 fitted in apertures in the plate
35 and electrode 26.

Adjacent the guide electrode 24 is a short
cylindrical collector electrode 58, which may be
mounted by a rigid leading-in conductor 51 sealed
in the side wa:l of the enclosing vessel 10. |

A cylindrical electrode 52, for example a metal
cylinder as shown or in the form of a conductive,

“e. g. deposited colloidal graphite, coating upon

the inner wall of the vessel 18, is coaxial with
the inner end portion 55 of the rod 23 and de-
fines a deflecting system. therewifh. Electrical
connection to the electrode 52 may be made by
g conductor 53 sealed in the side wall of the
vessel 0.

The target or pulse forming electrode 26, shown
in detail in Fig. 5, comprises a plate or circular

‘disc having thereon, on its face toward the elec-

tron gun, a plurality of fine lines b4, one opposite- -
and aliched with each of the deflection gaps be-

tween the plate 35 and the deflector plafes 42.
Fach of the lines 54, as shown in Fig. 5, has
radially extending inner and outer extreme por-
tions and an intermediate non-radial portion.
The plate and line materials have difierent sec~ .
ondary electron emission coefficients.

secondary electron emission of approximately 9
and the lines 54, for example 0.0025 inch wide,
are of carbon printed upon the plate 26 and,
hence, have a secondary emission coefficient less
than unity. Alternatively, the materials in-
volved could be such that the secondary emission
coeflicient of the lines is greater than that of
the plate. -.
- As is apparent, when the beam is rotated to
pass between the deflection plates 35 and 42 and
sweep circularly over the electrode 26, a current
pulse will be produced every time the beam .
crosses a line 34, o
One manner in which the device shewn in .

Tig. 1 and described above, and wherein the séc~:

ondary emission coefficient . of disc 24 is less than
unity, may be utilized, is illustrated in Fig. 6.-
The cathode 14 and the electrodes {6, 17T and 18
associated therewith in the electron gun are .
maintained at suitable potentials to produce a-
concentrated electron beam, by a potentiometer:
resistor 58 and source 51. A circular sweep volt-.
age Is produced between the deflector plates 19
and 29 by a source 58, the voltage being such
vhat the sweep path is centered about the rod
portion 55 and the beam just grazes the periphery -
of the beam guide electrode 24 and passes through -
the gaps between the deflector plates 35 and 42.
The collector electrode 33 is maintained positive
to ground as by a battery 59. The collector
electrode 50 a7's0 is maintained positive to ground.
The deflector plate 35 may be grounded as shown.
Individual input signal channels, only one of
which is shown, are provided for the deflector
plates 42, each channel mcludmg 8 condenser -
60 and input resistor 61. The target or pulse
forming electrode 26 is connected to -the output -

channel by Way of a condenser 62 a,nd resistor
63. -

‘The beam guide-electrode 24 is connected to the: ;'

In one -
illustrative construction, the plate 26 is of a
silver-magnesium alloy having a coeflicient of -
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input resistor 64 of a direct cﬁrrent amollﬁer 68,
the output of which, balanced to ground, is con-
nected between the rod 21, 23, 5% and fthe cylin-

drieal electrode 52 <o that the potential betwe=n
the electrodes 52 and 55 is determined by the

b
beam current to the guide electrode 24. Th= pol-

ing is such that the radial deflecting force he-
tween electrodes 52 and 55 increases outwardly -
as the beam current to the guide electrode 24 |

- increas €S.

100

When no signals ele applied to the deﬂector-’ -'

platés 42 and the beam rotates in grazing in-

cidence with the veriphery of the guide electrode

24, the beam follows ‘a circular trace over the

ta:rget or pulse forming electrode 26 and passes
over the inner radial portions of th= lines 54. If
the sweep circuit for the beam is disturbed, for
example if the voltage from the source 58 variss,

. 6
trons ‘which: may be released when the beam -
strikes the spacers 31. |

In the case where the secondary emissmn coef-. -

ficient of the electraode 24 is greater than unity,

-the collector electrode 50 is operated at a poten- -
- tial positive relative to that of the electrode 24

whereby secondary electrons produced at the -
edge portion of elzctrode 24 will flow to and be.
collected by the collector electrode 50. Connec-
tion to the amplifier 65 may be made from either .
collector electrode 508 or beam guide electrode 24,

- the amplifier 65 being poled appropriately to con-

trol the position of the beam so that it remains in

- grazing incidence with the periphery of the beam

15

guide 24, The connections and relative poten-
tials involved when connection to the amplifier
is made from the collector electrode 59 are.illus-

- trated in Fig. 7.

the heam path will tend to change s~ that. de-""

~ the ‘beam will either move radially inwardly or
outwardly. If it moves inwardly, the beam cur-
rent to the gu1de electrode 24 increases so that
the deflecting potential betwesn electrodes 52
and 95 changes in the sense to move the beam

radially outwardly. In response to this change,

the beam moves outwardly until it rotates in
grazing 1ne1denoe W1th the periphery of the beam
'gulde electrode.

If, on the other hand, the d1sturbance in the

pending upon the polarity of the voltage change, 20

25

={1e

sweep system is such that the beam tends to move

re;dlally outwerdly, the beam moves away from

the periphery of the electrode 24. As g result,
the feedback voltage: from the amplifier 65

 changes in such sense that the deflecting poten-
~ tial between electrodes 52 and 55 is altered to -

Although specific embodlments of the invention
have been shown and described, it will be under- -
stood that it is but illustrative and that various -
modifications: may be. made thersin without de-
parting from the scope and spirit of this inven- -
tion as defined in the apprended claims.

What is claimed is: |

1. An electrical system comprising an electron
discharge device comprising g target, means op-
posite thereto for projecting an elsctron beam. .
toward said target, means for defiecting said beam
in two coord'nate dimensions to trace a closed_
path- of preassigned configuration at a region
between said beam projecting means and said .
target, and means for controlling said beam to
maintain its trace at said region, said conftrolling .

5. Mmeans comprising a deflect'ng system and means. .

. responsive to departure of said beam from said -

move the beam radially inwardly back into graz- -

ing incidence with the perlphery of the beam
gu1de electrode 24.

Thus, the beam guide electrode 24 coupled in
feedback relation through the amplifier 65 to
the elrctrode 52 automatically controls the radial
deflecting potential between electrodes 52 and

55 tn hold the beam in grazing incidence with the -
45

penphery of the guide electrode. Consequently,
the beam sweep is maintained:such that the beam

passes through the gaps between the deﬂector _

plates 35 and 42.
-At each of these gaps, the beam is sub;lect to-
deflection radially in accordance with the input

from the respective input channel. Asa result of

such deﬁectlon the point at which the b=am
sweeps over the line 54 corresponding to any de-

flection gap 35, 42 is determined by the deflecting

potentlal and hence the input signal, at that

41

path for energizing said deﬂectmg system to re-
turn said beam to said path. .

2. An electrical system comprising an electron
dischargs  device comprising a target, means op-~
posite therato for proj ecting an electron beam to- .
ward said. target, means for deflecting said beam -
in two coordinate dlme"}szons to trace a closed

-~ path of preassisnad conﬁeorotlon at-a. region be-

50

~tween said beam projecting means and said tar-

get, and means for guid'ng said beam to hold its
trace at said region, said guiding means compris-
ing 2 guide elec'rode having an edge of said pre- .
assigned configuration, deflection means, and a

-feedback conunection betw een said guide electrode -

and said deflection means energized in accord-
ance with the beam current to said gride elec- .
trode for o.oldmﬂ' said. beam in e*rozmg mmdence _;

- with said edge.

gap. As has been point=d out heretofore, when-:
ever the beam crosses a line 54, an output pulse is *

" produced. Inasmuch as the 1ntermed1ote portion

of each line 54 is non-radial and the beam deflee-
tion due. to an input signal is radial, the time,
relative to the sweep cycle, at which each pulse
occurs varies in accordance with. the amplitude
of the input signal resulting in that pulse, Thus,
the inpunt signals from the several input chan-

lated in time to .the sweep cycle in aeeordence
with the respective-signal emplltude
put; therefore is a pulse pos1t1on modulated
multlplex mgnol R ~ .

For the case noted, i. e., Where the seeonde,ry
emission: coemment of the eleotrode 24 is less than
~ unity, an aumhary electrode, e, g. an annulus,

may be placed between the electrodes 24 and 3%
to shield the electrode 24 from eecomﬁl.':t:c'sr elec-

The out-.

>

-3..An. electrical sys’rem comprlsmg an electron .
discharge device comprising means for project- .
ing an elec*ron beam, an eleotrode orncsite seld :
means and bevmg a margin of presassigned con- -
figuration, a first deflection means for deflecting .

¢g- Said beam in two coordinate directions to follow

a path adjacent and conform ne to said margm
a-sacond deflection means for deflecting: said beam

-at.an angle to said margin, and means comprising:

a feedback coupling between said elec‘rode and .

. aii-said second deflection means for holding said..
“nels are resolved into respective pulses each re--99 -

beam to a path conforming to said margin, _while.

_cleﬂeoted by said first deﬂeotxon "neans

-4, An electrical system. comprising an electl on -
dischargs. device comprising a farget, means epm'

-l-l_-‘-il“'-

v rg POS: te-thereto for projec ting.an. oleotron beem to=.:

wercl sald tare'e*‘ mee,ns for oeﬁectmg s:ud heam~,
in- two ooordmote cllrnensmns to trace g olosed
path of circular section’at a roglon between said
heam projecting means and said target, feedback
means, and deflection means ensrgized by said




il

- . — =l -

”

feedback means proportionately to departure of

aid beam from said path for malntalmng said
beam in said path,
5. An electrical system comprising an electron

discharge device comprising a target, means op-

posite thereto for projecting an electron heam to~

ward said target, means for deflecting said beam

in two coordinate dimensions to trace a closed
path of circular section at a region between said
beam projecting means and said target, and

10

means for controlling said beam to maintain its
trace at said region, said controlllng means com-

prising a guide electrode having a circular edge,
deflection means and feedback means external to
said electron discharge device for causing ener-
sization of said deflection means in response to
variations of the grazing incidence of the beam
upon the edge of said guide electrode. |

6. An electrical system comprising an electron
discharge device comprising means for projecting
an electron beam, an electrode opposite sald
means and having a substantially circular pe-
riphery, a first deflection means for rotating said
beam to follow a circular path adjacent said pe-
riphery, a second deflection means for deflecting
sa’d beam radially with respect to said periphery,
and feedback means coupling said electrode and
said second deflection means for holding said
beam in proximity to said periphery, as it is de-
flected by said first deflection means.

7. An electron discharge device comprising a
target, means opposite said target for projecting
an electron beam to one face thereof, a first
means for deflecting said beam to produce a pre-
assigned trace upon -said one face, said target
having on said one face a plurahty of spaced lines
positioned to intersect said trace and each e€X-

tending at an angle thereto, and a plurality of

second deflection means electrlcally individual to
and adijacent each of said lines fo deflect said
beam radially of said trace, said lines having a
coefficien’ of secondary electron emission differ-
ent from that of the remainder of said face.

8. An electron discharge device in accordance
with claim 7 wherein said lines are of carbon and
the remainder of said face is of a material hav-
ing a secondary electron emission coefficient
osreater than unity.

‘9, An electron discharge device comprising a
target means opposite said target for projecting
an electron besam to one face thereof, a first
means for rotating said beam to produce a closed
trace upon said one face, said target having upon
said face a plurality of lines positioned to inter-

sect said trace and extending other than normal

thereto, said lines having a secondary electron
emission coefficient different from that of the re-
mainder of said face, and a plurality of second
deflection means electrically individual to and ad-

jacent each of said lines to deflect S:lld beam -

radially: of said trace.

10. An elec'ron discharge device comprising a
tarset, means opposite said target for projecting
an electron beam to one face thereof, a first
means for rotating said beam to produce a cir-
cular trace upon said one face, said target hav-
ing on said one face a plurality of lines extend-
ing non-radially with respect to said trace and
positioned- to intersect said trace, said lines hav-

ing a coefficient of secondary electron emission.
diﬂ’erent from the remainder of said one face,

and means for deﬂectmg sa,ld beam radially of

16

20

30

30

40

4b

50

ba

60

85

70

8
said trace, said deflecting means comprising &
plurality of electrically individual deflector mem- -
bers each opposite a respective one of said lines.
11. An electron discharge device comprising -

_a target, means opposite said target for project--:

ing an electron beam thereto, a central deflector -
member between said means and said target and
extending transversely with respect to the beam -
path therebetween, means for deflecting sald.
beam to follow a path outside of and along the
periphery of said cen‘ral deflector member, a
plurality of individual deflector members spaced -
along said periphery and defining a plurality of
deflection gaps therewith, and means mounting
said plurality of said members frem said central

- deflector member.

12, An electron discharge devme in. accorda.nce ..
with claim 11 wherein said mounting means com-.
prises an insulating member opposite and spaced -
from said periphery and supporting said plu-. .
rality of deflector members, and shields extend- .
ing between adjacent of said plurality of deflector
members and affixed to said central deﬂeetor and
insulating members. | |

13. An electron discharge device comprising a. .
target, means opposite said target for projecting .
an electron bsam thereto, a circular deflector .
plate between said target and said means and .
extending transversely of the beam path therebe- .
tween, an insulating member encompassing said
plate and spaced from-the periphery thereof, a..
plurality of deflector members mounted by said
insulating member and arranged-about said pe- .
riphery to define a plurality of arcuate gaps-
therewith and in circular-array, and means. for-.
sweeping said bea‘n fo pass through sald gaps in-
succession.

14, An electron dlscharge dewce in accerdanee )
with claim 13 comprising a plurahty of metallic .
strip shields, each of said shields extending.be-
tween and spacing two adjacent deflector mem- .
bers and having insulating coatings upon oppo-
site faces contacting the respeetwe adJacent de- -
flector members. o -

15. An electrical system comprlsmg an electron
discharge device comprising means for projecting -
an electron beam, an electrcde opposite  said -
means and having a periphery of preassigned con- .
figuration, the face of said electrode toward said
means having a secondary electron emission. co~.
efficient greater than unity, a collector electrode -
adjacent said face, a first deflection means for-.
rotating said beam to follow a path adjacent said .
periphery, a second deflection means for deflect- -
ing said beam normal to said periphery, and..
means including a feedback connection-between .
said -collector electrode -and said-second deflec- .
tion means for holding said beam to a path in.
proximity to said periphery, as it is deﬂected by
sald first deflection means. -
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